We have developed an electrophoretic method to determine the size of a protein-DNA complex using the same binding and electrophoresis conditions as in an electrophoretic mobility shift assay (EMSA). The method is an adaptation of that of Ferguson (1), originally developed to determine the size of native proteins in non-denaturing gel systems. In SDS polyacrylamide gel electrophoresis, association of SDS gives all proteins equal charge per unit mass and also helps to unfold the protein. Thus the major determinant of protein mobility in an SDS gel is the length of the polypeptide chain. In contrast, in non-denaturing gels, mobility is influenced by molecular weight, conformation and charge. Ferguson analysis allows the molecular weight of a native protein to be determined indirectly by electrophoresing it, along with a number of standard proteins, on a series of non-denaturing tube gels of different polyacrylamide concentrations. Since the ionic conditions are identical in each experiment, the decrease in mobility observed as the polyacrylamide concentration is increased is due entirely to the sieving effects of the gel and hence is related to the species' size and shape but not its charge. The molecular weight of the unknown can be determined graphically from this change in mobility, as detailed below.
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We demonstrate here that the method can be successfully adapted to the analysis of protein-DNA complexes, using the same low ionic strength polyacrylamide slab gel that is used for the EMSA. The method offers a number of advantages over other techniques developed for this purpose: (i) there is no uncertainty as to whether the complex analysed is the same as that detected in the EMSA, because the binding and electrophoresis conditions are unchanged; (ii) unlike UV cross-linking methods, there is no denaturation step and so accessory proteins present in the complex which do not directly contact the DNA can also be detected (2); (iii) relatively little material is required since the position of the complex is still determined by autoradiography, and (iv) it can be performed on an unfractionated nuclear extract (3). In addition, we find that it yields reproducible results of high quality. The method is particularly useful for distinguishing complexes containing homodimeric and heterodimeric DNAbinding proteins from those containing a monomeric or mixture of monomeric proteins, respectively (3, 2) . Like gel filtration and gradient centrifugation, Ferguson analysis measures molecular size rather than mass, and so assumes that the unknown species has a similar shape and partial specific volume as the standards. For this reason, short oligonucleotides rather than restriction fragments should be employed. We use a cellular extract containing baculovirus-expressed human oestrogen receptor, known to bind as a dimer to its consensus DNA sequence (4), to illustrate the application of this technique to DNA-binding proteins.
A series of polyacrylamide gels containing 0.25 XTBE and covering a range of 4.5-10% acrylamide concentration (29:1 acrylamide:bis-acrylamide) are cast between glass plates (10 X13 cm) with 1.5 mm spacers and pre-run for 2 hours in 0.25 XTBE running buffer. Binding reactions are performed with 5 fmol •^P-end-labelled oligonucleotide and 1 /J protein (corresponding to 1 -5 /ig protein in a crude extract or 1 -10 /*g purified protein) in 10 mM Tris-HCl (pH 7.8), 2 mM MgCl 2 , 4% Ficoll, 5 /tg poly(dI:dC).poly(dI:dC), in a final volume of 20 /tl. After 15 minutes incubation on ice, 2 /J loading buffer (20 mM Tris-HCl (pH 7.8), 0.05% bromophenol blue) is added and the samples immediately loaded onto the pre-run gel. 1 ng of each protein standard (non-denatured molecular weight markers; Sigma) is mixed with the same loading buffer and run alongside the binding reaction. The gels are run at 11 V/cm until the running dye just reaches the bottom of the gel. The lane containing the binding reaction is dried onto paper and subjected to autoradiography, with the position of the bromophenol blue marked with radioactive ink. The remainder of the gel is stained with Coomassie blue or silver. The distance migrated by the protein-DNA complex and by each standard is then measured and divided by the distance that the bromophenol blue in the same sample migrated, giving the relative mobility (Rf). Where the protein standards contain more than one band due to the presence of charge isomers, the R f of the major isomer is used as described (5) . The data is analysed according to Ferguson (1) . First, a plot of the logarithm of the relative mobility against the percent gel concentration is constructed for each species ( Figure  1 ). The gradient of such a plot is known as the retardation coefficient (K,). K, is then plotted against molecular weight for the protein standards, and the resulting linear plot used to determine the molecular weight of the protein-DNA complex from its K, (Figure 2 ). Subtracting the contribution of the DNA oligonucleotide provides an estimate of the molecular weight of the protein component of the complex. For the human oestrogen receptor bound to a 35 bp oligonucleotide containing the oestrogen response element from the Xenopus vitellogenin A2 promoter, a value of 154 kD was obtained for the protein-DNA complex.
Subtracting 23 kD to allow for the contribution of the DNA yields an estimate of 131 kD for the molecular weight of the protein component of the complex. This is in good agreement with the value expected for binding of the homodimeric receptor, the molecular weight of the monomer being reported as 65 kD (6) . The method has also been successfully applied to a variant of the heterodimeric DNA-binding Ku autoantigen (2) and a T lymphocyte protein which binds to site B of the human immunodeficiency virus type 1 (3). 
